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Cases of argyrophilic grain disease (AGD) fre-
guently have astrocytes containing non-argyrophilic
tau-positive fine granules in the foot processes
sprouting from cell bodies in the amygdala. They
were first called bush-like astrocytes by Botez et al.
[1], and later they were classified as one of the age-
related tau astrogliopathies and re-named granular
fuzzy astrocytes (GFAs) [2]. In our previous studies,
the formation of GFAs was not simply associated
with age alone, and their distributions were influ-
enced by underlying tauopathies [3,4]. Especially in
AGD cases, GFAs preferentially develop in the amyg-
dala rather than the frontal cortex and striatum [3].
Kovacs et al. previously noted the possibility that

GFAs in the amygdala might be a forerunner of argy-
rophilic grains [5]. However, there is no comprehen-
sive pathological data regarding the relationship be-
tween the frequencies and severities of AGD and
GFAs in the amygdala, and whether argyrophilic
grains develop in the absence of amygdala GFAs re-
mains unclear. To address these issues, first, we an-
alyzed the relationship between the presence or ab-
sence of AGD and the severity of amygdala GFAs in
a case series. Then, their spatial relationship was ex-
amined using double staining with the Gallyas
method and anti-phospho-tau (AT8) immunohisto-
chemistry.
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Figure 1. Relationship between the formation of AGD and amygdala GFAs

(A) The relationship between the occurrence of AGD and the presence or absence of amygdala GFAs. AGD was noted only in cases having
amygdala GFAs. (B) The severity of AGD by amygdala GFA stage. The frequency and severity of AGD increase with the amygdala GFA stage
in presence of amygdala GFAs. (C-E) GFAs in the amygdala. AT8 immunohistochemistry. GFAs are often in contact with vessel walls (as-
terisks). Further, argyrophilic grains are scattered around GFAs (arrows). (F-H) Gallyas method. The amygdala. Argyrophilic grains (arrows)
are scattered at a distance around blood vessels (asterisks). (I-K) Gallyas (black)-AT8 (light blue) double staining. The amygdala. Argy-
rophilic grains (black) are scattered around GFAs (light blue) contacting the vessel walls (asterisks). All scale bars: 30 um.
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Among a total of 1,166 autopsy cases regis-
tered in our database, 474 cases that were evalu-
ated using modern standardized methods, including
a panel of immunohistochemistry, modified
Bielschowsky silver stain, and Gallyas-Braak silver
stain from 2001 to 2022, were selected (Supplemen-
tary file 1). All cases died in psychiatric hospitals or
neurological departments of general hospitals. Of
these cases, we extracted 263 cases for which semi-
guantitative data of the AT8-positive GFAs, as well
as the Saito AGD stage [6] (the distribution of argy-
rophilic grains in the cerebrum) assessed using the
Gallyas method, are available. Then, 24 cases having
progressive supranuclear palsy, corticobasal degen-
eration, Pick’s disease, globular glial tauopathies,
post-encephalitic parkinsonism, and myotonic dys-
trophy were excluded because distinct tau-positive
astrocytic lesions were noted. Finally, 239 cases
were included in the present study. In all of these
cases, GFAs were semiquantitatively assessed in the
frontal cortex, caudate nucleus, putamen, and
amygdala on AT8-stained sections, using the follow-
ing grading system (GFA stage): stage 0, no lesion in
the anatomical region (i.e., the superior frontal gy-
rus, caudate nucleus, putamen, and amygdala);
stage 1, more than one lesion in the anatomical re-
gion but less than one lesion per x200 visual field;
stage 2, one lesion per x200 visual field; or stage 3,
two or more lesions per x200 visual field.

Among the 239 cases, 112 had at least one GFA
in the amygdala, while 127 lacked amygdala GFAs
(amygdala GFA stage 0) (Table 1). The age at death
was significantly higher in the amygdala GFA stage
1, 2, and 3 groups than in the amygdala GFA stage 0
group (p<0.001, 0.0025, and 0.0023, Kruskal-Wallis
and Steel-Dwass tests). However, the sex ratio, brain
weight, Braak stage, Thal phase, proportions of Lewy
body disease (LBD) pathological subtypes, and pro-
portions of TAR DNA-binding protein 43 (TDP-43)
proteinopathy pathological subtypes did not signifi-
cantly differ between the four amygdala GFA stage
groups.

AGD was noted only when a case had at least
one GFA in the amygdala; that is, there was no case
that lacked amygdala GFAs but had AGD (Figure 1A).
On the other hand, cases having amygdala GFAs did
not always have AGD: of all 112 cases having amyg-
dala GFAs, 40 cases (35.7%) had argyrophilic grains
in the amygdala (Figure 1A). The frequency of cases
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with AGD increased parallel to the amygdala GFA
stage: 18.7% in GFA stage 1, 61.5% in GFA stage 2,
and 75.0% in GFA stage 3 groups (Figure 1B). The
Saito AGD stage was significantly correlated with the
amygdala GFA stage (p=0.5878, p<0.001, Spearman
rank-order correlation test). The binomial logistic re-
gression analysis was used to evaluate whether the
age at death, Braak stage, Thal phase, frontal lobe
GFA stage, caudate nucleus GFA stage, putamen
GFA stage, or amygdala GFA stage could be used as
possible predictors of the development of AGD, and
it demonstrated that the amygdala GFA stage (the
standardized partial regression coefficient (B), 1.79;
odds ratio, 6.63; 95% confidence interval (Cl), 3.57—
12.32; p<0.001), the age at death (B, 1.34; odds ra-
tio, 1.09; 95% Cl, 1.02-1.16; p<0.001), the frontal
lobe GFA stage (B, 0.62; odds ratio, 3.47; 95% Cl,
1.06-11.33; p=0.0391), and the putamen GFA stage
(B, 0.64; odds ratio, 3.10; 95% ClI, 1.005-9.56;
p=0.0490) were significant independent predictors
of the occurrence of argyrophilic grains.

As previously reported [3,4], GFAs with tau-
positive astrocytic endfeet were often in contact
with blood vessel walls on AT8-immunostained sec-
tions of the amygdala (Figures 1C-1E). In addition, a
small number of AT8-positive argyrophilic grains
were often scattered around the GFAs (Figures 1C-
1E). Although GFAs are not stained by the Gallyas
method, a potential association between argy-
rophilic grains and vessels was also noted on Gal-
lyas-stained sections: a few argyrophilic grains are
scattered at a distance around vessels (Figures 1F-
1H). Likewise, double staining with the Gallyas
method and AT8 immunohistochemistry showed
the proximity of argyrophilic grains, GFAs, and blood
vessels (Figures 1I-1K). Noteworthy, these phenom-
ena could be observed only in regions where argy-
rophilic grains were relatively scarce rather than
abundant.

The findings presented here support the notion
that amygdala GFAs may develop prior to the for-
mation of argyrophilic grains in the amygdala [5] and
suggest that amygdala GFAs may play some role in
the occurrence of argyrophilic grains, which are
preferably formed in the dendrospinal portion of
neurons [7]. These findings also suggest that at least
some cases having amygdala GFAs but lacking argy-
rophilic grains may be in the earliest ‘pre-grain’
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Table 1. Demographic data in all subjects stratified by severity of GFAs
Amygdala GFA stage
Stage O Stage 1 Stage 2 Stage 3 P value
N [female (%)] 127 (39.7) 75 (33.8) 13 (15.4) 24 (47.8) 0.2293
Age at death (y, mean £ SD) 65.2+14.8 74.0+10.5 78.8+8.0 75.3%8.1 <0.001
Brain weight (g, mean + SD) 1,187.5+227.3 1,200.5+176.9 1,214.4+118.7 1,205.9+189.7 0.9881
Braak NFT stage
Median (25-75t% percentiles) 2 (1-5) 2 (2-3) 4 (2-5) 2 (2-4) 0.1570
Thal phase
Median (25-75t percentiles) 1(0-4) 1(0-3) 3(1-4) 1(0-2.25) 0.4287
LBD 0.1947
Diffuse neocortical type [N (%)] 9(7.1) 5(6.7) 2 (15.4) 2(8.3)
Limbic type [N (%)] 9(7.1) 4(5.3) 2(15.4) 1(4.2)
Brain stem-predominant type [N (%)] 3(2.4) 8(10.7) 2 (15.4) 1(4.2)
Amygdala-predominant type [N (%)] 6(4.7) 0(0.0) 0(0.0) 0(0.0)
Olfactory Lewy bodies only [N (%)] 0(0.0) 1(1.3) 0(0.0) 0(0.0)
All LBD cases [N (%)] 27 (21.3) 18 (24.0) 6 (46.2) 4(16.7)
TDP-43 proteinopathy 0.6579
LATE-NC stage 3 [N (%)] 0(0.0) 0(0.0) 0(0.0) 0(0.0)
LATE-NC stage 2 [N (%)] 14 (11.0) 5(6.7) 6(33.3) 7 (25.0)
LATE-NC stage 1 [N (%)] 4(3.1) 3(4.0) 0(0.0) 3(10.7)
All LATE-NC cases [N (%)] 18 (14.1) 8(10.7) 6(33.3) 10 (35.7)
ALS-TDP cases [N (%)] 23 (18.1) 9 (12.0) 3(16.7) 5(17.9)
FTLD-TDP cases [N (%)] 4(3.1) 1(1.3) 0(0.0) 1(3.6)
AGD
All AGD cases [N (%)] 0(0.0) 14 (18.7) 8 (61.5) 18 (75.0)
PN fion (05 ot sercerilied] 0(0-0) 0(0-0) 1(0-1) 1(0.75-2) <0.001
GFAs
Frontal cortex [N (%)] 6(4.7) 22 (29.3) 8 (61.5) 10 (41.7)
Caudate nucleus [N (%)] 10(7.9) 14 (18.7) 6 (46.2) 11 (45.8)
Putamen [N (%)] 18 (14.2) 17 (22.7) 6 (46.2) 10 (41.7)

GFA: granular fuzzy astrocyte, AGD: argyrophilic grain disease, N: number of cases, NFT: neurofibrillary tangles, LBD: Lewy body disease,
LATE-NC: Limbic-predominant age-related TDP-43 encephalopathy neuropathological change, ALS-TDP: amyotrophic lateral sclerosis with

TDP-43-positive inclusions, FTLD-TDP: frontotemporal lobar degeneration with TDP-43-positive inclusions.
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stage in the pathological process of AGD (Supple-
mentary file 2). Whether amygdala GFAs affect cog-
nitive function and psychiatric status, especially in
elderly people, also needs to be explored.

Finally, Table 1 shows that some cases had
GFAs in the frontal cortex, caudate nucleus, and/or
putamen even when the case lacked amygdala GFAs
and argyrophilic grains (amygdala GFA stage 0).
Based on our previously reported findings [3], this
fronto-striatal-predominant distribution pattern of
GFAs led us to consider the possibility that the case
has an early pathological process of progressive su-
pranuclear palsy (PSP). For a better understanding
of the relationship between argyrophilic grains,
GFAs, subcortical neuronal tau accumulation, and
PSP as the pathological disease entity, the sequence
of the appearance of these lesions and pathological
conditions needs to be further examined.
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